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Abstract. We reportupdatedresultsin the searchfor Bs flavor oscillationsperformedat CDF II.
We analyzea datasetof approximately355pb

� 1 from proton-antiprotoncollisionsat a center-of-
massenergy of 1.96TeV collectedin 2002-2004with theCDF II detectorat theTevatronCollider.
Samplesof bothfully reconstructedBs

� Ds
�
3� π , andpartiallyreconstructed,Bs

� Ds � X , decays
have beenstudied.A combinationof oppositesidetaggingalgorithmshasbeenusedto determine
the flavor of the Bs mesonsat productiontime. Informationaboutthe oscillationfrequency of the
system,∆ms, is obtainedby performingan amplitudescanof the data,from which an exclusion
limit

∆ms � 8 � 6ps
� 1 (@ 95%C.L.),

with a measuredsensitivity of 13.0ps
� 1 hasbeenderived;Combinationwith previously available

measurementsincreasestheworld exclusionlimit from 14.5ps
� 1 to 16.6ps

� 1 (@ 95%C.L.).
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MOTIVATION

The heavy and light masseigenstatesof neutralB mesonsdo not correspondto their
weakinteractioneigenstates.ThereforeneutralB mesonsareknown to mix. While the
mixing frequency (∆md) of theB0 hasbeenpreciselymeasured,theBs mixing frequency
(∆ms) hasnotyetbeenresolved.Fromindirectmeasurementsit is predictedto bebelow
24 ps� 1 within theStandardModel.Themixing frequenciesarerelatedto fundamental
StandardModel parameterswhich are not very well determinedso far. Uncertainties
relatedto theoreticalinput almostcancelby studyingtheratio ∆ms

∆md
. Thustheprecision

measurementsof ∆ms will beastringenttestof theStandardModel.

Bs MIXING ANALYSIS

A mixing analysisinvolvesseveralsteps.FirstBs signalshaveto bereconstructed.Then
their properdecaytime needsto bemeasured.Next we needto determineif theBs has
mixed or not betweenproductionand decay. The B flavor at decayis obtainedfrom
its decayproducts.To determinetheproductionflavor additionalinformationsfrom the
eventareused,involving so-calledflavor taggingalgorithms.Finally thetime-dependent
asymmetrycanbedetermined:

�
	
t �� N � t � mixed � N � t � unmixed

N � t � mixed � N � t � unmixed
��� cos

	
∆mst � ;



where� is adampingtermrelatedto imperfectflavor tagging.It is definedas1 � 2 � Pw,
with Pw beingtheprobabilityof awrongflavor tag.

Bs Signals. Both fully reconstructedandsemileptonicdecaymodeshavebeenstud-
ied for this analysis:

• Bs � Dsπ � 	 Ds � φπ � Ds � K � K & Ds � 3π �
• Bs � Ds3π � 	 Ds � φπ & Ds � K � K �
• Bs � Ds � X � 	 Ds � φπ � Ds � K � K & Ds � 3π �

About1,100hadronicand16,800semileptonicBs decayshavebeenreconstructed.

Proper Time Measurement & Proper Time Resolution. The properdecaytime
canbecomputedoutof theproperdecaylengthandthemomentumof theB meson,both
in thex/y plane.

ct � Lxy

pT � B �
Thebiason the lifetime distribution dueto triggerandreconstructioncuts,is adjusted
by addinganefficiency function.A correctionfactor(k factor)to compensatein average
for themomentumof themissingparticlesfor thepartially reconstructeddecaymodes
hasbeenintroduced.
For evaluatingthe sensitivity and the limit of our mixing analysisa goodknowledge
of the uncertantieson the properdecaytime is needed.We measurethesequantities
directly from our databy exploiting our high statisticssampleof promptD mesons.We
foundaboutσct � 30 µm for thehadronicandσct � 50 µm for thesemileptonicdecays
(k factornot included).

Tagger Calibration. OppositeSideTaggers(OST),usingtheinformationfrom the
other B mesonin the event to retrieve the flavor of the signal B at production,are
supposedto have thesameperformanceindependentlyof thesignalB flavor. Thuswe
perform a Bd mixing analysisfor two main purposes.First we like to test our setup
of the fitter framework andsecondwe fit at the sametime for ∆md and for the OST
dilution.Theknowledgeof theperformanceof thetaggersis anneccessaryingredientto
determinea lower limit on ∆ms. Two differenttypesof OSTalgorithmshave beenused
in this analysis,oneis taggingon thechargeof theleptonfrom a potentialsemileptonic
decayon the oppositeside[1], while the secondoneexploits the correlationbetween
the oppositeB flavor and the charge of the opposite(B) jet [2]. A combinedtagging
performanceof

ε � 2 = 1.55 � 0.08(stat) � 0.03(syst)(semileptonicmodes)and
ε � 2 = 1.55 � 0.16(stat) � 0.05(syst)(hadronicmodes)

hasbeenmeasured,whereε is thetaggingefficiency. Ourresultson∆md arecompatible
to theworld average:

∆md = 0.511 � 0.020(stat) � 0.014(syst)ps� 1 (semileptonicmodes)and
∆md = 0.536 � 0.028(stat) � 0.006(syst)ps� 1 (hadronicmodes)
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FIGURE 1. Amplitudescanof semileptonic(left) andhadronic(right) Bs decaymodes.

RESULTS

In orderto determinethelimit on ∆ms we usetheso-calledamplitudescanmethod[3].
Figure1 shows theresultsfor thehadronicandsemileptonicdecaymodesrespectively.
Thestartingpoint of thesensitivity curve is givenby statistics,taggerperformanceand
S/B, while the slopeis determinedby the propertime resolution.Thuswe gain a lot
with the semileptonicsat lower ∆ms values,while the hadroniconestake over at high
values.TheCDF II combinedlimit is 8.6 ps� 1@95%CL andthemeasuredsensitivity
13.0ps� 1. This analysisis completelylimited by statistics,all systematicsourcesare
well undercontrolandtheir contributionsarenegligible.

SUMMARY & OUTLOOK

Significant progresshas beenachieved in the Bs mixing analysiscomparedto our
previousresults[4]. Furtherimprovementsareexpectedto comesoon.Oneof themost
promisingonesis the SameSide Tagger. This taggerheavily dependson the signal
side.Its performancecannot be determinedin the Bd systembut hasto be evaluated
usingMonteCarlosamples.Additional statisticswith almostthesameresolutionasthe
fully reconstrucedmodescanbegainedby usingtheBs masssattelitepeaksfrom those
modes.A factortwo timesmoredatahasbeenalreadytakenandis readyto beanalysed.
Usingadditionaltriggerspathis expectedto givesomeimprovementaswell. Basedon
the currentanalysisandexpectedimprovementswe are confidentto cover the whole
StandardModel rangefor theBs mixing frequency within RunII.
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